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NATIONAL cs 

THE EFFECTS OF EQUAL-PRESSURE FIXED SLOTS ON TEE 

ACTER 

By A l b e r t  Sherman and 

SUMMARY 

A t y p e  of f i x e d  open s l o t  s o  a r r a n g e d  t h a t  no f low 
would p a s s  through i t  a t  a l i f t  c o e f f i c i e n t  co r re spond ing  
t o  h igh-speed  f l i g h t  was i n v e s t i g a t e d  i n  t h e  N.A.C .A.  7 
by 10 f o o t  wind t u n n e l  t o  de te rmine  t h e  p o s s i b i l i t i e s  o f  
such a h i g h - l i f t  dev ice  f o r  i n c r e a s i n g  t h e  speed-range 
r a t i o  o f  a wing. The c o n d i t i o n  of no through f l o w  was 
ach ieved  by l o c a t i n g  t h e  s l o t  openings  a t  p o i n t s  of e q u a l  
s t a t i c  p r e s s u r e  a t  t h e  des ign  l i f t  c o e f f i c i e n t  as d e t e r -  
mined f r o m  t h e  p r e s s u r e  d i s t r i b u t i o n  about  t h e  p l a i n  wing. 
Two m o d e l s  o f  Clark  Y wings m i t h  such equa l -p res su re  s l o t s  
mere t e s t e d  and t h e  smoke-flow p a t t e r n s  about  them observed .  

The r e s u l t s  o f  t h i s  i n v e s t i g a t i o n  show that t h e  condi- 
t i o n  of no a i r  flow th rough t h e  s l o t  a t  t h e  d e s i r e d  l i f t  
c o e f f i c i e n t  i s  a t t a i n a b l e ,  The s u r f a c e  d i s c o n t i n u i t i e s  
produced  by t h e  s l o t  openings  have ,  however, such a l a r g e  
e f f e c t  on the d rag  t h a t  such s l o t s  show l i t t l e  promise.  
A n  a p p r e c i a b l e  i n c r e a s e  i s  produced i n  t h e  maximum l i f t  
and  t h e  speed-range r a t i o  can be as h i g h  a s  f o r  t h e  p l a i n  
wing. 

I N T  RODUCT 1 OX 

n 
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l o w  a n g l e s  of a t t a c k ,  t h u s  t t l e  drag in- 
c r e a s e  i n  r e t u r n  f o r  t h e  d t i n  maximum 
l i f t .  

I n  t h e  i n v e s t i g a t i o n  r e p o r t e d  h e r e i n ,  a f o r m  o f  f i x e d  
open s l o t  was t r i e d  whose lower and u openings  
were l o c a t e d  a t  p o i n t s  o f  equal s t a t i  s d e t e r -  
mined f r o m  t h e  p r e s s u r e  d i b u t i o n  abou t  t he  p l a i n  wing 
a t  a l i f t  c o e f f i c i e n t  c o r  onding t o  h igh-speed  f l i g h t ,  
No a i r  s h o u l d  f low th rough  such a s l o t  a t  t h e  equa l -p res -  
s u r e . , . c a n d i t i o n ;  i t  w a s  t h e r e f o r e  expec ted  that  t h e  ’high- 
speed  drag w.ould be i n c r e a s e d  b u t  l i t t l e  because t h e  a d d i -  
t i o n a l  s k i n  f r i c t i o n  and d i s t u r b a n c e  o f  the  f l o w  gtbouf, . t h e  
wing ,pgoduced  by a i r  p a s s i n g  through t h e  s l o t  a re  e l imi -  
n a t e d .  I The speed-range r a t i o  w o u l d  t h e n  be improved shou ld  
a s u b s t a n t i a l  g a i n  i n  maximum l i f t  be expe r i enced .  I n  o r -  
d e r  t o  i n v e s t i g a t e - t h e  p o s s i b i l i t i e s  o f  such  a s l o t  t w o  , ’ 

m o d e l s  o f  Clsirk Y wings w i t h  e q u a l - p r e s s u r e  f i x e d  s l o t s  
c o v e r i n g  *.he range  o f  p r o b a b l e  shapes  were a c c o r d i n g l y . ,  
t e s t e d .  

’ APPARATUS AND TESTS 

Apparatus,- The t e s t s  were made in . . th ,e  N.A.C.A., 7 by 
10 f o o t  open- je t  wind t u n n e l .  I n  t h i s  t u n n e l  t h e  mode1 
i s  mounted on t h e ’  ba lance’ . ‘ sp indle  i n  such a manner that‘ 
t h e . f o r c e s  .and m o m e ’ i t s  a t  ’the q u a r t e r - c h o r d  poin t . .o f  t h e  . 
mid-sec t ion  of t h e  m p d e l ’ a r e  Measured d % r e c t , l y .  in‘ c o e f f i -  
c i e n t  f o r m .  A’complkte  d e s c r i F t t o ’ n  o f  t h e  . t u n n e l  ‘and ’bal- 
ance  may be found i n  r e f e r e n c e  4. 

&4O-&g&g,- Two Clark Y wing”mods1s o f  10- inch  chord  by 
60-inch span were t e s t e d ,  bo th  as  p l a i n  wings and a s  wings 
w i t h  e q u a l - p r e s s u r e  s l o t s  1 and 2 ,  (See  f i g s .  1, 2 ,  and 
3 . )  The m o d e l s  wera c o n s t r u c f e d  o f  l qmina ted  mahogany 

e lead ing-edge  pol - t ion  
n s  o f  small metal ‘braok- 

.’ s l o t -  wa.s boun 

5 was used, 
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The s i z e s  o f  t h e  open ings  were t h e  same a s  t h o s e  found 
t o  be b e s t  i n  a p r e v i o u s  i n v e s t i g a t i o n  and  t h e  shape of t h e  
l o w e r - s u r f a c e  opening a g r e e d  a s  n e a r l y  a s  p o s s i b l e  w i t h  t h e  
b e s t  shape. (See  r e f e r e n c e  1.) The uppe r - su r face  openlng 
was s o  a r r a n g e d  t h a t  t h e  a i r  would be d i r e c t e d  a s  n e a r l y  
t a n g e n t i a l  t o  t h e  upper  s u r f a c e  of  t h e  wing a s  p o s s i b l e .  

S l o t  1 ( f i g s .  1 and 2) was l o c a t e d  n e a r  t h e  l e a d i n g  
edge o f  t h e  wing w3ere t h e  p r e s s u r e  d i s t r i , b u t i o n  f o r  t h o  
p l a i n  wing showed a l a r g e  d i f f e r e n c e  i n  p r e s s u r e  between 
t h e  u p p e r - s u r f a c e  and lomer - su r face  openings  at  h i g h  l i f t  
c o e f f i c i e n t s .  A t  l i f t  c o e f f i c i e n t s  abot l t  t h e  same v a l u e  
a s  t h a t  a t  t h e  high-speed c o n d i t i o n ,  t h e  l o c a t i o n s  of t h e  
open ings  co r re sponded  t o  r a p i d l y  changing  s e c t i o n s  of t h e  
p r e s s u r  e-d i s t r i b u  t i o n  curve.  

A f t e r  t e s t s  had shown that t h i s  s l o t  caused  cons ide r -  
a b l e  i n c r e a s e  i n  t h e  drag a t  h i g h  s p e e d ,  t e s t s  were made 
on a model w i t h  s l o t  2 hav ing  t h e  openings  l o c a t e d  f a r -  
t h e r  back from t h e  l e a d i n g  edge on t h e  s n r f a c e s  of t h e  
p l a i n  a i r f o i l  ( s e e  f i g s .  1 and 3 ) ,  and i t  w a s  thought  t h a t  
t h e  i r i c r e a s e  i n  d r a g  would be l e s s  t han  f o r  s l o t  1. T h i s  
s l o t  had a l s o  e q u a l  p r e s s u r e s  a t  t h e  s l o t  openings  a t  
CL = 0.2 but a imch s m a l l e r  p r e s s u r e  d i f f e r e n c e  a t  t h e  
h i g h  l i f t  c o e f f i c i e n t s  t h a n  s l o t  1 a s  shown by t h e  p r e s -  
s u r e - d i s t r i b u t i o n  c u r v e  f o r  t h e  p l a l n  wing. ( S e e  f i g .  1.) 

ge"stg- . -  The f o r c e  t e s t s  were made a t  a dynamic p r e s -  
s u r e  o f  16.37 pounds p e r  s q u a r e  f o o t  which co r re sponds  t o  
a. speed o f  60 m i l e s  p e r  hour  a t  s e a  l e v e l  u n d e r  s t a n d a r d  
a t m o s p h e r i c  c o n d i t i o n s ,  and t o  a Reynolds  Elumber o f  609,000. 
The f o l l o w i n g  f o r c e  t e s t s  were made on each model: T i t 3  
t h e  s l o t  open t e s t s  were run  a t  a n g l e s  o f  a t t a c k  f r o m  -5' 
t o  30'. The l i f t ,  d r a g ,  and pitching-moment c o e f f i c i e n t s  
were measured i n  t h e s e  t e s t s .  Test  p o i n t s  were t a k e n  a t  
a s u f f i c i e r i t  number of a n g l e s  t o  e t  w e l l - d e f i n e d  c u r v e s ;  
and  a t  1' i n t e r v a l s  f rom -5' t o  0' a n g l e  of a t t a c k  t h r e e  
r e a d i n g s  were t a k e n  a t  each  a n g l e  t o  i n s u r e  g r e a t e r  accu- 
r a c y  i n  o b t a i n i n g  t k i s  p o r t i o n  of t h e  p o l a r .  The saxm 
t e a t s  were t h e n  r e p e a t e d  w i t h  t h e  s l o t  s e a l e d  a t  t o p  and  
b o t t o m  t o  t h e  o r i g i n a l  wing con tour .  T e s t s  were a l s o  ,made 
on each  aiodel f r o m  -5' t o  O o  a n g l e  of a t t a c k  i n  which o n l y  
t h e  l i f t  and  d r a g  c o e f f i c i e n t s  were measured w i t h  t h e  s l o t  
s e a l e d  a t  e i t h e r  t h e  t o p  o r  bottom t o  d e t e r m i n e ,  if p o s s i -  
b l e ,  t h e  i n d i v i d u a l  c o n t r i b u t i n g  f a c t o r s  of t h e  d r a g  in-  
c r e a s e .  
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I n  a d d i t i o n  t o  t h e  f o r e g o i n g  f o r c  
t e s t s  were made i n  which t i t a n i u m  t e t r  
duced ahead  o f  t h e  s l o t  sild t h e  f l o w  w 
e r a 1  a n g l e s  of a t t a c k  n e a r  t h e  a n g l e  o 
i n g  t o  a l i f t  c o e f f i c i e n t  of 0.2. The 
a t  a Reynolds  Xurnber of a b o u t  91,500 because  a t  h i g h e r  
speeds  t h e  s m o k e  f l o w  cou ld  n o t  be s a t i s f a c t o r i l y  observed .  

RESULTS ABD D I S C U S S I O N  

Yihen t i t a n f u m  t e t r a c h l o r i d e  w a s  i n t r o d u c e d  on each 
r50del ahead  of t h e  s l o t  open ings ,  t h e  smoke p a t t e r n s  
showed c l e a r l y  t h a t  t h e  c o n d i t i o n  of n o  f l ow th rough  t h e  
s l o t  a t  a d e s i g n a t e d  l i f t  c o u l d  be r e a l i z e d .  A t  t h e  l i f t  
c o e f f i c i e n t  i n t e n d e d  f o r  e q u a l  s t a t i c  p r e s s u r e s  a t  t h e  s l o t  
open ings  ( C L  = 0 . 2 ) ,  a p u l s a t i n g  f l o w  was observed  i n  
s l o t  1 s u r g i n g  i n  and  s p i l l i n g  out  a t  eacii opening and de- 
v e l o p i n g  a d d i t i o n a l  t u r b u l e n c e .  There w a s  no d e f i n i t e  o r  
s t e a d y  f l o w  o f  a i r  tLrougB t h e  s l o t .  The on ly  n o t i c e a b l e  
e f f e c t  of s l o t  2 was t h e  development o f  a s l i g h t  a d d i t i o n -  
a l  t u r b u l e n c e  a t  t h e  e n t r a n c e  and e x i t  openings .  These 
smoke-f l o w  o b s e r v a t i o n s  i n d i c a t e  tkat t h e  s u r f a c e  d iscon-  
t i n u i t i e s  caused. by s l o t  openings  a r e  soizrces of tu rbu-  
le i lca  a n d  hence of d r a g  i x c r e a s e s .  Bu.rtLermore, such d i s -  
c o n t i n u i t i e s  i n  t h e  2iic::i-slops r e g i o n s  of t h e  p r e s s u r e  
d i s t r i b u t i o n ,  a s  f o r  s l o t  1 ( s e e  f i g .  I), a r e  s o u r c e s  of 
t h e  g r e a t e r  d i s t u r b a n c e  i n  t h a t  t h e y  a l l o w  a i r  t o  move i n  
and o u t  o f  t h e  s l o t .  

The aerodynamic c h a r a c t e r i s t i c s  o f  t h e  t w o  C la rk  Y 
wing mod-els w i t h  s l o t s  1 and 2 compared w i t h  t3ose of t h e  
p l a i n  wing; a r e  p r c s o n t e d  i n  f i g n r e s  2 and 3 ,  r e s p e c t i v e l y .  
I n  each  i n s t a n c e  t h e  p l a i n  wing u s e d  f o r  coroparison i s  t h e  
s l o t t e d  model wit5 t l ie  s l o t  s e a l e d .  These f i g u r e s  show 
t h a t  t h e  maxinum l i f t  c o e f f i c i e n t  i s  i n c r e a s e d  approx i -  
ma te ly  t h e  same amount by each  s l o t ;  22 p e r c e n t  by s l o t  1 
and 1 9  p e r c e n t  37 s l o t  2. The minimum drag,  however, i s  
i n c r e a s e d  42 p e r c e n t  by s l o t  1 and 20 p e r c e n t  by s1o.t 2. 
The l i f t - c u r v e  s l o p e  i s  r educed  c o n s i d e r a b l y  i n  t h e  low- 
l i f t  r ange  by b o t h  s l o t s .  A t  h i g h e r  v a l u e s  o f  t h e  l i f t  
c o e f f i c i e n t  t h e  sl r e c o v e r s ,  hawever ,  and  f o r  t h e  wing 

s l o t  2 ,  i t  ex  s t h a t  o f  t l le p l a i n  wing,. The an- 
of  a t t a c k  f o r  m u m  l i f t  i s  consequen t ly  but l i t t l e  

i n c r e a s e d  'oy s l o t  2 j u t  by s l o t  1 i t  i s  r a i s e d  from 17O t o  
26'. For  b o t h  s l o t s  t h e  d i v i n g  moment t e n d s  t o  be re-  
duced. 
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. I n  f i g  It speed- r ange  
i n  i t s  more 
c o r r e s p o n d i n g  t o  any  l i f t  c o e f f i c i e n t ,  
r a t i o  c o r r e s p o n d i n g  t o  any l i f t  c o e f f i c i e n t  i s  d e f i n e d  as 
t h e  r a t i o  of t h e  maximum l i f t  t 0 . t h . e  drag a t  t h e  g i v e n  
l i f t .  I t  consequen t ly  i n d i c a t e s  t h e  s u i  b i l i t y  of a wing 
f o r  h i g h  speed  a t  a g i v e n  l i f t  c o e f f i c i e  , ,The c u r v e s  of 
t h i s  r a t i o  a g a i n s t  
mi$gs w i t h  t h e  t w o  e q u a l - p r e s s u r e  f i x e d  s l o t s ,  and f o r  t h e  
p l a i n  Clark Y wings co r re spond ing  t o  each  s l o t t e d  wing. 
A s  i n  f i g i i r e s  2 and  3 ,  t h e  p l a i n  wing used  f o r  comparison 
w i t h  each  s l o t t e d  wing i s  tha t  s l o t t e d  wing w i t h  i t s  s l o t s  
s e a l s & .  The d i s c r e p a n c i e s  i n d i c a t e d  between t h e  r e s u l t s  
o f  t h e  d i f f e r e a t  p l a i n  Clark Y wings a r e  Clue ma'rnly t o  
xno.de1 d , i f f e r e n c o s .  Prom f i g u r e  4 ,  s l o t  1 a p p e a r s  - t o  be 
poor .  The e x c e s s i v e  e f f e c t  on t h e  d rag  produced by t h e  
s l o t  opeii ings i s  o b v i o u s l y  t o  *olame. S l o t  2 a p p e a r s . t o  
be about  as g o o d  w i t h  r e s p e c t  t o  speed-range r a t io  as t h e  
p l a i n  wing. 

e r a 3  g p p l i c a t i o n  t o  mean 

CL a r e  shomi, i n  f i g u r e  4 f o r  t h e  

I n  f i g u r e s  5 and 6 t h e  d r a g  i n c r e a s e s  produced by 
e q u a l - p r e s s u r e  s l o t s  1 and 2 ,  r e s ~ e c t ~ i v e l y ,  a r e  a n a l y z e d ,  
Polar c u r v e s  a r e  p re sen ted ,  f o r  v a r i o u s  c o n d i t i o n $  of t h e  
s l o t s :  s e a l e d  (representing t h e  p l a i n  Clark Y), open a t  
t h e  lower  s u r f a c e ,  open a t  t h e  u p p e r  s u r f a c e ,  and open. 
The d r a g  i n c r e a s e s  produced by t h e  s l o t  o p e n i n i s  a r e  t h e r e -  
f o r e  shown i n d i v i d u a l l y  arid a l s o  i n  summation f o r  each mod- 
e l ,  a l o n g  w i t h  t h e  d r a g  i n c r e a s e  due t o  t h e  open s l o t .  I t  
may be n o t i c e d  (more c l e a r l y  f o r  s l o t  1 t h a n  f o r  s l o t  2) 
t h a t  the  minimum d r a g  i n c r e a s e  Froduced by t h e  open s l o t  
occl i rs  a t  a l i f t  c o e f f i c i e n t  of abou t  0.2, t h e  d e s i g n  
c o n d i t i o n  f o r  no f l o w  th rough  t h e  s l o t ,  I t  may be con- 
c luded  t h a t ,  f o r  s l o t s  of t h i s  s h a p e ,  a i r  f low th rough  
t h e  s l o t  a c t s  t o  i n c r e a s e  t h e  d rag ,  The d i s a d v a n t a g e  o f  
t h e  equ-al-pressure s l o t  i s  t h e  l a r g e  d r a g  i n c r e a s e s  inhe r -  
e n t  i n  a i r f o i l  su . r face  d i s c o n t i n u i t i e s  such a s  s l o t  open- 
i n g s .  The drag i n c r e a s e  due t o  such  a d i s c o n t i n u i t y  ap- 
p e a r s  t o  be a f f e c t e d  by i t s  p o s i t i o n  on t h e  r o f i l e  s i m i -  
l a r l y  t o  t h a t  o f  a p r o t u b e r a n c e  ( r e f e r e n c e  6 P being  l e s s  
when t h e  d i s c o n t i n u i t y  i s  on t h e  lower s a r f a c e  and when it 
i s  f z r t h e r  back from the  l e a d i n g  edge,  Tke f a c t  t h a t  t h e  
d r a g  f o r  s l o t  2 ogen is l o w e r  i n  t? ie  low-lift range  t h a n  
t h e  d r a g  summation o f  t h e  p l a i n  a i r f o i l  p l u s  t h e  s l o t  open- 
i n g s  must be l e f t  unexp la ined  a t  p r e s e n t ,  

It is i n t e r e s t i k g  t o  n o t e  t h a t ,  a l t h o u g h  s l o t  2 h a s  
much l e s s  p r e s s u r e  d i f f e r e n c e  o p e r a t i n g  when n e a r  maximum 
l i f t  ( b a s e d  on  t h e  p r e s s u r e  d i s t r i b u t i o n  f o r  t h e  p l a i n  
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wing) t h a n  s l o t  1, i t s  e f f e c t  on maxinurn l i f t  i s  a l m o s t  
- a s  g r e a t .  I i o n  of t h e  p r e s s u r e s  
O f  t h e  s l o t  
t h e s e  s l o t s  
and t h e  t r a i l i n g - e  
tke i n c r e a s e  i n  maximum l i f t  o b t a i n e d  w i  
s l o t  may depend more upon t h a  v a l u e  o f  
a t  t h o  s l o t  e n t r a n c e  t h a n  o n  t h e  
maximum l i f t  (as  de te rmined  from 
o f  t h e  p l a i n  wing) .  

CONCLUSIONS 

1. The e q u a l - p r e s s u r e  s l o t  does  n o t  show nuch prom- 
i s e  because  of t h e  e x c e s s i v e  drag i n c r e a s e  i n h e r e n t  i n  t h e  
s u r f a c e  d i s c o n t i r s u i t i a s .  T h e  maxixum l i f t  c o e f f i c i e n t  i s  
i n c r e a s e d ,  as i s  a l s o  t h e  a n g l e  of a t t a , &  f o r  maximum l i f t ,  
and  t h e  speed-raage r a t i o  can r e a c h  t h e  magnitude of t h a t  
of t h e  p l a i n  wing. 

2 .  d c o n d i t i o n  o f  no air flow t h r o u g h  a n  open f i x e d  
s l o t  a t  a l i f t  c o e f f i c i e n t  co r re spoad ing  t o  h i g h  speed i s  
a t t a i n a b l e  v i t h  t h e  e q u a l - p r e s s u r e  f i x e d  s l o t .  

Langley I d e n o r i a l  A e r o n a u t i c a l  L a b o r a t o r y ,  
X a t i o n a l  Advisory Committee € o r  A e r o n a u t i c s ,  

Langley F i e l d ,  Va., October  3,  1934. 
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